A new entomogenous taxon, Metacordyceps shibinensis sp. nov., associated with a larva of Lepidoptera was found in Yuntai Mountains, Guizhou Province, China. It differs from similar species in its white to faint yellow stromata, short ascomata, and very short asci and ascospores. Combined sequence analyses of 5.8S-ITS rDNA, nrSSU, EF-1α and RPB1 gene-loci also confirmed the distinctiveness of this new species.
Introduction
Cordyceps sensu lato is regarded as one of the most important genera of invertebrate pathogens (Hywel-Jones 2001) with more than 540 species (Index Fungorum, 2015) . About 140 species have been reported from China (Song et al. 2006 , Liang 2007 , Gao et al. 2010 , Yang et al. 2009 , Lin et al. 2008 , Chen et al. 2011 , Chen et al. 2013 , Wen et al. 2013 , Yan & Bau 2015 , Yang et al. 2015 . Cordyceps has been recently divided and placed in three families and six genera-Polycephalomyces (Ophiocordycipitaceae) (Kepler et al. 2013) , Tyrannicordyceps (Clavicipitaceae) (Kepler et al. 2012b) , Metacordyceps (Clavicipitaceae), Elaphocordyceps (Ophiocordycipitaceae), Ophiocordyceps (Ophiocordycipitaceae) and Cordyceps (Cordycipitaceae) (Sung et al. 2007a) . More than 240 Cordyceps species have been placed into these six genera, but about half of Cordyceps sensu lato species need to be restudied and re-arranged (Sung et al. 2007a) . Sung et al. (2007a) and (Kepler et al. 2012a) suggested that there are 15 Metacordyceps species, while 14 epithets are assigned to Metacordyceps in Index Fungorum (2015) .
In this study, a new Metacordyceps species was found parasitizing larvae of Lepidoptera collected from the Yuntai Mountains of Guizhou Province in southwest China. This species is morphologically and phylogenetically distinct from all other Cordyceps sensu lato species. The purpose of this paper is to introduce the new species with micrographs and a description, and to compare it with related taxa.
Material and methods

Specimens and host
Collection was made in the Yuntai Mountains, Shibin County of Guizhou Province in May 2013. Specimens were stored in plastic containers at low temperature and transported to the laboratory for identification.
Morphological studies
Fungal fruiting bodies were examined using an Olympus stereo dissecting microscope (Olympus Optec Instrument Co., Japan). Hand sections of the fruiting structures were mounted in water for microscopic studies and photomicrography. The microcharacters of the fungus were examined using an Olympus CX31 compound microscope (Olympus Optec Instrument Co., Japan) and photographed.
DNA extraction, PCR amplification and determination of DNA sequences
The total genomic DNA was extracted from rear segment of the host of dried specimens using E.Z.N.A.
TM Fungal DNA MiniKit (Omega Biotech, CA, USA) according to the manufacturer's protocols and the extracted DNA was stored at -20 °C. Two nuclear (5.8S-ITS rDNA, nrSSU) and two protein genes (EF-1α, RPB1) loci were amplified and sequenced (Sung et al. 2007b) .
The PCR amplification and sequencing of ITS1-5.8S-ITS2 rDNA were conducted as described in Wen et al. (2012) . The ITS1-5.8S-ITS2 rDNA was amplified and sequenced with the primers ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3') (White et al. 1990 ). The PCR amplification and sequencing of nrSSU were conducted as described in Sung et al. (2007b) . The nrSSU was amplified and sequenced with the primers NS1 (5'-GTAGTCATATGCTTGTCTC-3') and NS4 (5'-CTTCCGTCAATTCCTTTAAG-3') (White et al. 1990 ). In the amplification of EF-1α and RPB1, we followed Sung et al. (2007b) and Castlebury et al. (2004) . For the amplification of EF-1α, the primers 983F (5'-GCYCCYGGHCAYCGTGAYTTYAT-3') and 2218R (5'-ATGACACCRACRGCRACRGTYTG-3') (Sung et al. 2007b) were used. For RPB1, the primers CRPB1A (5'-CAYCCWGGYTTYATCAAGAA-3') and RPB1Cr (5'-CCNGCDATNTCRTTRTCCATRTA-3') (Castlebury et al. 2004) were used in PCR amplification and sequencing procedure.
All PCR products were sequenced by Life Biotechnology Co., Shanghai, China.
Sequence alignment and phylogenetic analysis
Recent publications were accessed and a Blast search made to reveal the closest matches in GenBank for the phylogenetic analyses. The taxon information and GenBank accession numbers used in the molecular analyses are listed in Table  1 . The four gene datasets (5.8S-ITS rDNA, nrSSU, EF-1α, RPB1) from specimen GZUH SB13050311, plus datasets obtained from GenBank, including Cordyceps sensu lato and related species were aligned using MEGA5.05 (Tamura et al. 2011) . Alignments were manually adjusted to allow maximum sequence similarity. Gaps were treated as missing data. Unweighted Maximum Parsimony (MP) analysis was performed using PAUP* 4.0b10 (Swofford 2002) . Trees were inferred using the heuristic search option with TBR branch swapping and 1,000 random sequence additions. Maxtrees of 5,000 branches of zero length were collapsed and all multiple parsimonious trees were saved. Clade stability of the trees resulting from the parsimony analyses were assessed by bootstrap analysis with 1,000 replicates, each with 10 replicates of random stepwise addition of taxa (Felsenstein 1985) . Trees were viewed in Treeview and exported to graphics programs (Page 1996) ; PowerPoint was used for further editing.
Results
Phylogenetic analyses
The partition homogeneity test (P = 0.01) suggested that the individual gene partitions were not highly incongruent (Farris et al. 1994 , Cunningham 1997 . The combined datasets comprised 3,566 characters after alignment, of which 1,394 characters were parsimony-informative, 1,751 constant, and 421 parsimony-uninformative. Parsimony analysis generated 5,000 trees; the SH test verified that they were similar, one of which (tree length = 1,309 steps, CI = 0.523, RI = 0.755, RC = 0.395, HI = 0.477), the most parsimonious tree, is shown in Fig. 1 . The data set comprises 35 species ( Fig. 1 ) including the new species Metacordyceps shibinensis which formed a separate clade from other species of Metacordyceps with credible bootstrap support; thus the new species is introduced.
Metacordyceps shibinensis differs from the other species of Metacordyceps in having white to faint yellow stromata, short ascomata, and very short asci and ascospores (Fig. 2) . Metacordyceps chlamydosporia (H.C. Evans) G.H. Sung et al. (2007a: 35) , M. guniujiangensis C.R. Li et al. (2010: 221) , M. khaoyaiensis (Hywel-Jones) Kepler et al. (2012a: 182) Sung et al. (2007a: 35) and M. owariensis (Kobayasi) Kepler et al. (2012a: 182) are sister taxa to M. shibinensis, but differ in their host and morphology (Tab. 2). Combined sequence phylogeny from the 5.8S-ITS rDNA, nrSSU, EF-1α, and RPB1 gene-loci also confirmed the distinctiveness of the new species. Differs from related Metacordyceps species mainly by its white stromata, short ascomata, and very short asci and ascospores. 
Discussion
Metacordyceps shibinensis is a remarkable new species for several reasons: 1) it differs from similar species in having a unique lepidopterous larvae host, rather than cicada nymphs; 2) it has white pigments in the stromata when dry, while in similar species pigment in dried specimens is always black; 3) its ascomata are relatively short and; 4) it has the shortest asci and ascospores in the Metacordyceps group (Table 2) . The 5.8S-ITS rDNA sequence of M. shibinensis (KR153585) differs from any known sequences of Metacordyceps and related species. A Blast search of GenBank reveals it is similar to Metarhizium flavoviride W. Gams & Rozsypal (HM583833) and Metacordyceps owariensis MY03260 (HQ165699), the maximal identities are 95% and 90%, respectively. For EF-1α gene, the maximal identities with Metacordyceps liangshanensis EFCC1452 (EF468756) and M. chlamydosporia JCM18608 (AB758481) are both 97%. For RPB1 gene, the maximal identities with M. yongmunensis CEM1961 (KJ398612) and M. brittlebankisoides ARSEF1914 (KJ398610) are 91% and 90%, respectively. Therefore, M. shibinensis, a new species belonging to Metacordyceps is introduced based on both morphological and molecular characters.
Cordyceps sensu lato is regarded as one of the most important genera of invertebrate pathogens (Hywel-Jones 2001) with more than 140 species found in China (www. Indexfungorum.org, March 9, 2015), of which more than 40 species were reported in Guizhou Province, China. More than 240 Cordyceps species have been placed into the six genera, but about half of Cordyceps sensu lato species need to be restudied to naturally rearrange them in other genera (Sung et al. 2007a , Quandt et al. 2014 . Many previous studies were restricted by both limited taxon sampling and the inadequate resolution power of ribosomal DNA, resulting in limited conclusions regarding systematics of Cordyceps sensu lato (Sung et al. 2007a) . There are only 100 species with 5.8 S ITS sequence data and only 80 species have been studied using multi-gene phylogeny. Recent phylogenetic studies (Spatafora et al. 2007 , Sung et al. 2007a , b, Kepler et al. 2012a , b, 2013 , based on multiple independent loci, have provided a greater level of resolution for this complex group of fungi. Therefore, a detailed systematic classification of Cordyceps and the family Clavicipitaceae based on multigene phylogenies is necessary to reflect the natural placement in Hypocreales (Maharachchikumbura et al. 2015) . Cylindrical, 180-300 × 5-6.5 150-280 × 1-2, multiseptate, not breaking into secondary ascospores Uchiyama & Udagawa (2002) 
